We propose the use of a tunneling electromechanical transducer to dinamically detect Casimir forces between two conducting surfaces. The maximum distance for which Casimir forces should be detectable with our method is around 1µm, while the lower limit is given by the ability to approach the surfaces. This technique should permit to study gravitational forces on the same range of distances, as well as the vacuum friction provided that very low dissipation mechanical resonators are used. 03.70.+k, 06.70.Mx, 73.40.Gk Typeset using REVT E X 1
One of the most astonishing and less understood consequences of the existence of quantum vacuum is the possibility to observe forces between macroscopic neutral bodies, as outlined in a pioneering paper by Casimir [1] . Casimir forces are of purely relativistic origin and this is manifested by their retarded nature, thus vanishing at very small distances. The force per unit area between two conducting, but neutral, indefinite and parallel plates has been calculated as
where d is the distance between the two plates, assumed greater than the penetration lenght in the conductors ≃ 100nm, and K C = πhc/480 = 1.3 · 10 −27 Nm 2 is a purely kinematic constant depending upon the speed of light c and the Planck constant h. Until now few experiments have been performed to verify this simple law. The submicron region has been explored in the range 0.5 ÷ 2µm [2] [3] [4] . Measurements have also been reported in the range 50 ÷ 130nm [5] while a proposal aimed at observing Casimir forces in the cm range using optical techniques has been recently discussed in [6] . In this Letter we propose a detection technique for macroscopic forces and we report on preliminary results concerning the calibration of a prototype for the observation of Casimir forces by means of a tunneling electromechanical transducer. Our estimates suggest that the Casimir force should be detectable at least in a range of two decades below 10µm.
The detection scheme is schematically shown in Fig. 1 . The two parallel conducting surfaces are made of a cantilever beam with a mass of circular shape at its extreme, rigidly clamped to the other end on a base in such a way to oscillate, and a disk rigidly connected to a piezoelectric stack. The distance between these two surfaces can be changed both by driving the mechanical oscillator at its proper frequency ν r through a piezoelectric gauge and by driving the disk at a fixed frequency ν p through the piezoelectric stack. For practical reasons the vibration frequency of the piezoelectric stack is smaller than the one of the mechanical resonator. On the other side of the resonator a tunneling electromechanical transducer allows to measure the amplitude of its oscillations. When the disk approaches the resonator the attractive Casimir force should appear and a static displacement should result in a decrease of the tunneling current detected on the other side of the resonator.
However this measurement is affected by all the usual drawbacks of a static detection and this is true also for a very low-frequency detection scheme due the presence of 1/f -like noise of mechanical and electrical nature. The heterodyne detection, as discussed in detail in [7] is unaffected by this problem: let us suppose that both the resonator and the disk are sinusoidally driven at the angular frequencies ω r = 2πν r and ω p = 2πν p and the amplitudes of the corresponding oscillations are respectively x r and x p . Thus the gap between the two plates will become time-dependent as
The Casimir force will be therefore modulated and, by supposing that the infinite plane is a valid approximation for a plate of finite surfaces, its expression will be written as
If we suppose a weak modulation regime in (2), i.e. x r , x p << d 0 , we obtain, up to the third
where g(t) has Fourier components shown in Tab The considerations made above are quite conservative and assume for instance that no accurate acoustic insulation has been provided to prevent acoustic pick-up at ω p due to the PZT stack. Less pessimistic considerations can only enforce our estimates also by using a redundancy among the informations present at the different Fourier components.
This detection scheme has been tested through a first calibration by biasing at constant voltage the gap formed between the resonator and the disk. The apparatus used is schematically shown in Fig.2 . The tunneling electromechanical transducer is similar to the one already described in [8] and its sensitivity is of the order of 10 thick. The apparatus is put on a four cantilever beam suspension similar to the ones used for suspension of gravitational wave detectors [10] . The disk is biased at constant voltage V and the resulting force acting on the resonator is, up to second order,
which contains also terms at the lateral bands ω r ± ω p of amplitude equal to
This has to be compared with the component of the Casimir force at the lateral bands as deduced from Eqn.4 and Table I :
To get an estimate of the sensitivity it is useful to introduce an equivalent voltage V eq such that for a given distance d 0 a bias equal to V eq simulates the Casimir force. This equivalent voltage is independent of the modulation parameters and, by equating Eqns. (6) and (7), we get Besides the study of the Casimir force we believe this detection technique could also be exploited for the measurement of other forces spatially dependent on the same range of distances, such as gravitational forces. In this case particular configurations should be used for the geometry of the test masses to allow very small distances between the center of mass of the bodies. The dependence upon the distance can be also determined by an accurate measurement of the Fourier components at a given distance. By repeating the previous considerations for a generic force of the type
we get a dynamical force
where g n (t) has Fourier components, up to the second order, shown in Tab. II. The various components depend upon n, which in turn can be measured by determining for instance the ratio
where d 0 /x r can be determined using a simultaneous calibration with an electric field. To observe the Fourier component at ω p an accurate shielding from the vibration induced by the PZT stack is mandatory. For n of physical interest (gravitational forces, Casimir forces, i.e. n=2,4) the differences in the values are above 20 per cent and should be detectable, opening also the possibility to study gravity on µm distances with geometries of the bodies such that the center of mass can be spaced by such order of magnitude. The static gravitational force between the masses used in our prototype is F G ≃ 6 · 10 −7 N supposing that the centers of mass are spaced by 1µm, i.e. one order of magnitude larger that the corresponding Casimir force.
The proposed detection method is also valid far from the mechanical resonance. However the use of a resonance condition is welcome because of the gain, equal to the mechanical quality factor, with respect to a non-resonant configuration. Use of microresonators with very high mechanical quality factors could also allow for an alternative detection scheme based upon the measurement of the resonant frequency shift induced by the Casimir force.
Furthermore, a resonance condition has been recently suggested [11] , [12] to detect the dissipative part of the Casimir force as predicted in [13] . Although this requires very high mechanical quality factors, the improvements made in the technology of microresonators [14] , [15] allow to hope that in a close future the dissipative nature of the quantum vacuum could be detected and studied.
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